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Abstract: Flow elements combined with a building energy simulation tool can be used to 
indicate areas and periods when there is a risk of draught in a room. The study tests this 
concept by making a tool for post-processing of data from building energy simulations. The 
objective is to show indications of draught risk during a whole year, giving building designers 
a tool for the design stage of a building. 
The tool uses simple one-at-a-time calculations of flow elements and assesses the uncertainty 
of the result by counting the number of overlapping flow elements. The calculation time is 
low, making it usable in the early design stage to optimise the building layout. The tool 
provides an overview of the general draught pattern over a period, e.g. a whole year, and of 
how often there is a draught risk. 
Flow elements, thermal comfort, environment, design phase 
Introduction 
Draught is one of the main causes of complaints about the indoor environment in buildings 
(1). When people experience draught, they take action to avoid it. This may lead to higher 
energy consumption, e.g. by turning up the heat to compensate. By predicting the draught risk 
in the early design stage, the building design can be optimised for both low energy use and 
low draught risk. In naturally ventilated buildings, this is especially important, as the 
ventilation is integrated in the building envelope and is closely linked to the current outdoor 
climate. 
Draught risk can be simulated by CFD, but this is time consuming and therefore not used. On 
the other hand, building energy simulation tools are available that are faster but lack 
information on airflows. The two tools have been linked (2) to supplement each other for 
thermal comfort simulation, but the CFD is slowing the process down. 
Another way of estimating draught risk is to use flow elements. Flow elements describe the 
airflow in a room by equations for velocity distribution and flow patterns. Flow elements are 
derived for a number of standard situations and can be divided into categories depending on 
e.g. isothermal / nonisothermal, 2D plane flow / 3D flow, flow close to a wall or ceiling / free 
flow. Flow elements also describe flow by a cold down draught from a cold wall like a fully 
glassed wall (3,4). 
By using flow elements, velocities can be calculated in any affected point in the room and the 
accuracy in each point is not dependent on a grid or grid density. Using flow elements 
combined with building energy simulation tools, the draught in the room can be estimated for 
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a whole year for each time step. This makes it possible to evaluate not only worst-case 
scenarios, but also any other situation, giving an overview of the draught risk and a picture of 
how robust the chosen building design is against draught e.g. under different weather 
conditions. 
Flow elements for inlets 
Equations for calculating air velocity decays and flow patterns by flow elements constituted 
the basis of the method. Inputs were needed on room geometry, air temperature, and 
furthermore the inlet geometry, location, air velocity, air temperature outside and/or surface 
temperature (depending on the type of flow) were needed for each flow to be evaluated. These 
data are typically available from building energy simulation tools. 
For some typical inlets, the velocity in the centre of a jet at a given distance x can be 
calculated by: 
  3D jet  Plane flow (2D)  
Free jet  	 √2 ⋅ 
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 2 
          
         Wall jet  	 ⋅ 
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  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Where ux is the velocity in the center of the jet, a0 is the area 
and h0 is the height of the opening, x0 is the distance to the 
virtual origin of the flow at the opening; Ka and Kp are 
constants depending on the inlet opening.  
 
The velocities outside the centre of the jet are calculated 
from the universal velocity profiles shown in Figure 1. 
 
The flow pattern of a jet mainly depends on the Archimedes 
number and the location of the inlet. The air will be 
accelerated downward by gravitational forces if the supply 
air is cool. Koestel (5) found that a free horizontal jet 
follows a trajectory given by: 
 
      
Figure 1 Universal velocity profiles 
for a free jet and a wall jet, the 
latter found by Verhoff (6) .   0.6 ⋅  ⋅  

 ⋅ 
  5 
 
Where y is the vertical displacement of the flow at distance x, Ar is the Archimedes number. 
If the inlet is close to the ceiling (wall jet), the coanda effect will prevent the air jet from 
following the trajectory in Equation 5. Instead the jet will be attracted to the nearby ceiling 
until gravitational forces become greater than the pressure forces from the coanda effect. The 
distance from the inlet to this point is called the penetration length and (7–9) derived the 
equations for the calculation of the penetration lenght: 
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3D jet:   	0.19 ⋅  ⋅  ⋅ . ⋅ 
 	! 	 6 
Plane flow (2D):   0.1 ⋅  ⋅  ⋅ ." ⋅  !  7 
Where xs is the penetration length, Ksa and Ksp are constants depending on the room and 
heating distribution.  
When the jet detaches from the ceiling, it will not follow the trajectory given for a free jet 
(Equation 5). The results in (10) show that the flow can be approximated with a straight line 
at an angle of 45° to the ceiling. However, the air will fall directly down if the inlet 
temperature is so low that the jet is not attracted to the ceilling.  
The four trajectories that a wall jet can follow depending on the penetration length are shown 
in Figure 2. 
    
Figure 2 A wall jet comming into a room is assumed to follow one of four trajectories, depending on the 
penetration length. The dashed lines represents the parts of the flow that still need to be implemented in the 
draught risk index tool. 
Flow elements for a glassed wall 
A fully glassed wall can induce a cold down draught that will continue at the floor similar to 
displacement ventilation. The velocity at the floor depends on the distance to the wall and the 
height of the wall (11): 
 	
#$%
$&0.055 ⋅ 
( ⋅ )*+, ! *-./0+-1 	for			 5 0.4	m0.095 ⋅ 
( ⋅ )*+, ! *-./0+-1  1.32 																for			0.4	m 9 	 9 2	m0.028 ⋅ 
( ⋅ )*+, ! *-./0+-1 for			2	m 5 
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Where H is the height of the cold wall, Toc is the air temperature in the occupied zone, Twindow 
is the inside surface temperature of the window and x is the distance to the wall. 
Draught risk index tool 
A tool for calculating the draught risk was made for post-proccesing of data from a building 
simulation tool. 
By using flow elements, velocities can be calculated in any affected point in the room and the 
accuracy in each point is not dependent on a grid or grid density. To get a picture of the 
velocity distribution in the room, a grid was used and velocities were calculated in each node. 
If more flow elements were present in the room, each flow was calculated individually, not 
taking into consideration the effect of the other flows in the room. The velocities in each node 
were compared and the highest used to estimate the draught risk. In each node, the number of 
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flow elements was counted, if the velocities were above a certain threshold limit. This was 
used as a measure of the uncertainty of the calculations. 
Presentation of the results 
For each time step, the results can be visualised as a plot on the floor plan. At each node on 
the floor, the maximum velocity was found in the column from the floor to the top of the 
occupied zone; the principle is shown in Figure 3. Depending on the maximum velocity, the 
draught risk in each area was ranked as no (white), low (green), medium (yellow) or high 
(red). 
The same was done for the number of flow elements meeting where the maximum number of 
flow elements in a node was shown on a floor plot. The more flows that meet, the more 
uncertain both the calculated risk of draught and the areas in the room, where the flows causes 
risk of draught. 
For longer periods, the results were summed showing the draught risk index and number of 
meeting flow elements as percentages of the floor area. These plots can be used to point out 
periods of interest.  
Example: Office with natural ventilation 
An office with natural ventilation was modelled in the building energy simulation tool BSim 
(12) using a Danish weather datafile. The room is shown in Figure 4 together with a brief 
description.  
Figure 3 Draught risk is estimated in the 
nodes of a grid structure and the highest 
value in each column is plotted on the floor 
plan. 
 
 
 
Figure 4 The room as simulated in BSim. Inside dimensions of 
room: height 3 m, length 8 m, width 5 m. There are two 
openable windows, each with a controlled opening area at the 
top of up to 0.33 m2. The end wall is fully glassed. 
 
From BSim, data were extracted for the draught-risk index tool. These were: indoor and 
outdoor air temperatures, interior window surface temperatures, airflow velocities through the 
window openings and opening area of the windows, all extracted for each time step. For the 
openanble windows Ka was set to 5 (Equations 3, 5, 6) corresponding to a poor inlet device 
for mixing ventilation. Ksa was set to 1.5 (Equation 6), which corresponds to heat release in 
the floor area. The height of the occupied zone is set to 1.8 m. 
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For an hour in May the following parameters were found by BSim: tin = 21.4°C, tout = 11.8°C, 
u0 = 0.28 m/s, a0 = 0.073 m2, twindow = 19.7°C. 
The velocity distribution generated by each of the openable windows was calculated by the 
flow element of a 3D wall jet. In Figure 5 velocities in a vertical cross-section through a 
window are shown together with the maximum velocity in the occupied zone projected onto 
the floor plane. Velocities below 0.05 m/s are plotted with white colour (no risk), velocities of 
0.05 – 0.1 m/s are shown in green (low risk), velocities of 0.1 – 0.2 m/s are shown in yellow 
(medium risk) and velocities above 0.2 m/s are shown in red (high risk). The flow from the 
other openable window is identical. 
 
     
Figure 5 The left figure shows the velocity distribution calculated in the central plane of one of the openable 
windows. The flow enters in the top corner of the room and attaches to the ceiling for approximately 2 meters 
before it drops into the occupied zone. The middle figure shows the room seen from above with a marking of 
maximum velocities in the occupied zone of the flow element from one of the openable windows. The right figure 
shows the velocity distribution in the room created by down draught from the glassed wall, projected down onto 
the floor plan. 
 
The incoming airflows from the windows create velocities in the occupied zone resulting in 
medium risk of draught in two small areas of the room and low risk in areas that are slightly 
larger. 
In Figure 5 on the right, the draught risk created by the cold glassed wall is shown. The 
glassed wall creates a down draught due to temperature difference, and the flow continues at 
floor level, with the highest velocities closest to the wall. 
 
                     
Figure 6 The left shows the maximum velocities in the occupied zone from all of the three flow elements, 
projected down onto the floor plan. The right shows the number of flow elements meeting in each area. 
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The results for all three flows were given in one plot, Figure 6 left. This plot shows the 
maximum risk of draught in each area, as calculated by flow elements one at a time. There is 
a low risk in most of the room and a medium risk close to the glassed wall and in two areas 
inside the room caused by airflows from the windows. 
The estimated uncertainty of the flow element calculations was evaluated by counting the 
number of velocities above a threshhold of 0.05 m/s in each node, and for each column the 
maximum number is projected down onto the floor, Figure 6 right. 
In the two small areas of the room, shown in yellow in the right plot of Figure 6, both the 
openable windows and the glassed wall generates risk of draught in the same nodes. This is 
because the flow from the windows reaches the floor in these areas. Actually the areas could 
be bigger, as the tool at the moment does not handle how the flow from the windows 
continues after it reaches the floor. 
As a summary of the draught risk over a longer period, the areas of the risk intervals (Figure 6 
left) were found for each time step and can be shown, e.g. over a week in May as seen in 
Figure 7. The same is done for the uncertainties as seen in the right part of Figure 7. 
 
 
Figure 7 Summaryof the draught risk over a longer period of the velocity distribution (left) and meeting flow 
elements (right) in the room. The room areas divided into risk intervals in each time step, here one hour. 
 
During this week in May, most of the time there was a low risk of draught in about 90% of 
the room area and medium risk in the remaining area of the simulated room. Only in a short 
period does more flow elements meet. 
Discussion and conclusion 
The developed tool uses inputs generated by building energy simulation software to give an 
overview of how often and where there is a risk of draught in a room. The tool is simple in the 
sense that it handles one flow element at a time and when flow elements meet, and the one 
generating the highest velocity is used to estimate the draught risk.  
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Flow elements are developed for simple geometries and when using them on more complex 
inlets and room geometries, the calculated velocities and flow patterns will only be estimates, 
even with just one element present. If flow elements are oppositely directed or have co-flow, 
there is no description of what occurs and the uncertainty is therefore higher. In the tool, this 
is handled by plotting the number of meeting flow elements, so that the user can realise that 
the calculations are uncertain. The idea of the tool is not to make highly precise estimates for 
any time step, but to give an overview of when and where draught may be a problem. 
From the plots produced by the tool, it should be possible to conclude one of three: (Green) 
There is a low risk of draught and the uncertainty is low – the design is acceptable, (Red) 
There is a high risk of draught – the design should be changed, or (Yellow) There is a risk of 
draught or the uncertainty is high – either change the design or make further investigation e.g. 
by CFD.  
Further work needs to be put into the tool to cover more flow elements and for calculating the 
parts of the flow market with dashed lines in Figure 2. 
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